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Sir: 

Appellant files this Supplement to Appellant's Appeal Brief (June 9, 2005) to make of 
record two publications discovered on July 25, 2005. Appellant made such discovery on July 25, 
2005, after filing Appellant's Appeal Brief These publications are being concurrently filed in 
co-pending patent application Serial Numbers 09/064,000; 09/794,456; and 10/179,589 to ensure 
consistency between the records of all four applications. 

The article appearing in the July 18, 2005 online publication of Circulation (enclosed 
herewith as Exhibit A) is believed to be relevant to the claims in issue in the instant appeal 
because it provides autopsy confirmation of the growth of new blood vessels and new muscle in 
the heart of a human patient following the administration of bone marrow stem cells. This article 
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confirms the description at page 46, lines 6 and 7 of Appellant's specification and thus provides 
clear proof that cells administered at a site other than the infarcted zone form new blood vessels 
and new muscle in the heart of a human patient. This new autopsy evidence, coupled with the 
evidence already presented by Appellant, should conclusively resolve this issue. The article is an 
updated report of the clinical trial chronicled in the Perin et al. article that was previously 
submitted in Exhibit E of the Declarations of Drs. Heuser and Lorincz on June 17, 2003. The 
updated report was published following the death and autopsy of one of the treated patients. 
The article reported that "[s]ymptomatic and functional improvements were noted" and that the 
patient progressed from functional class III to class I during treatment. The article was published 
by a team of researchers associated with the Texas Heart Institute at St. Luke's Episcopal 
Hospital, Houston, Texas. 

The statement at page 8, first full paragraph of the report, that "new blood vessels form" 
and the statement in the partial paragraph at the top of page 8 that "A proliferation of smooth 
muscle a-actin-positive pericytes and mural cells was noted," are considered particularly relevant 
to the technical rejections raised by the Examiner. Both passages refer to results obtained 
following placing stem cells in the body of a patient undergoing treatment for ischemic heart 
failure. Because those in the art are aware that arteries are part of formed new blood vessels, it is 
considered noteworthy that the article used the same terminology as contained in Appellant's 
claims and described in Appellant's specification in connection with obtaining the claimed 
results, i.e., the formation of new artery and new muscle in a human patient. It is pointed out 
that the report's usage of the term "new" is consistent with Appellant's disclosed and claimed 
use of "new" in describing forming new artery and muscle, thereby further validating the 
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correctness of Appellant's terminology. Appellant believes it is significant that the report did not 
use the term ''de novo " in describing the new blood vessels. Thus, it is evident that one skilled 
in the art v^ould understand Appellant's use of the v^ord "new" in the disclosure and the claims 
and that such understanding would compel a conclusion of enablement. 

Appellant has submitted the recent article because: (1) it supplements the Perin et al. 
article of record; and (2) it is believed to constitute the "best evidence" supporting the claimed 
invention's patentability and is entitled to far greater weight than any evidence relied upon by the 
Examiner in rejecting the appealed claims. 

An article published on July 21, 2005 in the Houston Chronicle , (enclosed herewith as 
Exhibit B) reported the findings of the above-mentioned publication. Specific attention is 
directed to the last paragraph in the article where Dr. James Willerson, Medical Director of the 
Texas Heart Institute at St. Luke's Episcopal Hospital, was quoted as saying, "Five years ago, if 
I'd asked cell biologists about treating patients with heart failure with adult stem cells, I think I'd 
be in an insane asylum." It is submitted that Dr. Willerson's words are tantamount to a 
"spontaneous utterance" and as such illustrate the novelty of using stem cells in human patients 
to grow soft tissue, such as new arteries and new muscle. The quote also constitutes compelling 
evidence that Dr. Elia's novel contribution and advancements to the medical arts are of a 
"pioneering" nature. 
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Appellant has submitted the above publications in a serious andjsincere effort to expedite 

I 

the resolution of the instant appeal. j 

Respectfiilly submitled. 



Dated: /Lj^^rf- 
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► Abstract 

Background — Cell-based therapies for treatment of ischemic heart disease are currently under 
investigation. We previously reported the results of a phase I trial of transendocardial injection of 
autologous bone marrow mononuclear (ABMM) cells in patients with end -stage ischemic heart disease. 
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The current report focuses on postmortem cardiac findings from one of the treated patients, who died 1 1 
months after cell therapy. 



Methods and Results — Anatomicopathologic, morphometric, and immunocytochemical fmdings from 
the anterolateral ventricular wall (with cell therapy) were compared with findings from the 
interventricular septum (normal perfusion and no cell therapy) and from the inferoposterior ventricular wall (extensive scar 
tissue and no cell therapy). No signs of adverse events were foimd in the cell-injected areas. Capillary density was 
significantly higher (P<0.001) in the anterolateral wall than in the previously infarcted tissue in the posterior wall. The 
prominent vasculature of the anterolateral wall was associated with hyperplasia of pericytes, mural cells, and adventitia. Some 
of these ceUs had acquired cytoskeletal elements and contractile proteins (troponin, sarcomeric a-actinin, actinin), as well as 
the morphology of cardiomyocytes, and appeared to have migrated toward adjacent bundles of cardiomyocytes. 

Conclusions — Eleven months after treatment, morphological and immunocytochemical analysis of the sites of ABMM cell 
injection showed no abnormal cell growth or tissue lesions and suggested that an active process of an gio genesis was present 
in both the fibrotic cicatricial tissue and the adjacent cardiac muscle. Some of the pericytes had acquired the morphology of 
cardiomyocytes, suggesting long-term sequential regeneration of the cardiac vascular tree and muscle. 

Key Words: angiogenesis • stem cells • heart failure • revascularization • ischemia 

► Introduction 

The role of cell-based therapy for the treatment of ischemic heart disease is currently under investigation. 
In view of the myocardium's limited capacity to regenerate spontaneously after an ischemic injury, the 
therapeutic use of exogenous progenitor cells has recently gained increasing interest. In vitro 
demonstration of fimctional cardiomyocyte differentiation from bone marrow-derived progenitor cells^^ 
has prompted in vivo studies in animal models, and promising results have been obtained in the repair and 
regeneration of acute and chronic cardiac muscle lesions. Several types of progenitor cells have been used 
in experimental models, including bone marrow-derived endothelial and blood cell progenitors, as well as 
bone marrow mesenchymal progenitors.— 

In humans, similar attempts have been made with surgical, intracoronary, or transendocardial introduction of bone marrow- 
derived cells to improve cardiac lesions.^ Our group recently reported the results of the first phase I human trial of 
transendocardial injection of autologous bone marrow mononuclear (ABMM) cells in patients with end -stage ischemic heart 
disease.^ We observed a significant increase in perfusion, contractility of ischemic myocardial segments, and functional 
capacity of the cell-injection recipients. This report presents postmortem cardiac findings from one of these patients. 

► Case Report 

The patient was a 55 -year-old man with ischemic cardiomyopathy and 2 previous myocardial infarctions 
(in 1985 and 2000). He began to have symptoms of congestive heart failure 2 years before study 
enrollment. One year before enrollment, the patient had an ischemic stroke with mild residual right 
hemiparesis and resultant episodes of chronic tonic-clonic seizures. His risk factors for coronary artery 
disease included diabetes mellitus type II, hypertension, and hypercholesterolemia. 



The patient's functional capacity was evaluated at baseline by means of a ramp treadmill protocol— with 
a peak maximal oxygen consumption (Vo2max) of 15.9 mL * kg~^ • min~^ and a workload of 4.51 metabolic equivalents 

(METs). A baseline single-photon-emission computed tomography (SPECT) perfusion study showed a partially reversible 
perfusion defect in the anterolateral wall, a fixed perfusion defect (scar) in the inferior and posterior walls, and normal 
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perfusion in the septal wall. 

Cardiac catheterization revealed a left ventricular ejection fraction of 1 1%, a 70% ostial and an 85% middle stenosis of the 
left anterior descending (LAD) coronary artery, an 80% proximal lesion of the left circumflex (LCx) coronary artery, and total 
occlusion of the first obtuse marginal arteiy and right coronary artery. The distal segments of the LAD and LCx were 
diffusely diseased. Owing to the severity and extent of the patient's coronary disease, he was not considered a candidate for 
surgical or interventional procedures. At enrollment in our study, he was in New York Heart Association (NYHA) functional 
class III and Canadian Cardiovascular Society (CCS) angina class IIL His serum C-reactive protein level, complete blood 
count, creatine kinase level, and troponin level were normal at baseline. 

The patient received a total of 3x 10^ ABMM cells (the Table ) that had been harvested 2 hours before the procedure. With the 
guidance of electromechanical mapping, ^ ^^^^ the cells were injected transendocardially into the anterolateral wall of the left 
ventricle. No periprocedural complications were observed. 

View this table: Phenotype and Functional Characterization of 3x10^ Cells Injected via a Transendocardial 

fin this ^vindow j 
[in a new window 1 

Noninvasive follow-up evaluation was performed 2 and 6 months after cell therapy. Invasive foUow-up evaluation, with 
cardiac catheterization, was performed at 4 months and revealed no change in coronary anatomy. Symptomatic and functional 
improvements were noted because the patient returned to NYHA and CCS class L Holter monitoring showed no malignant 
ventricular arrhythmias, and signal-averaged ECG parameters remained stable. There was no change in the patient's 
medications after cell therapy. There was no change in the global ejection fraction or left ventricular volume on 
echocardiography. The waU-motion index score (on 2-dimensional echocardiography) improved from 1.94 to 1.65 as 
contractility increased in 5 segments adjacent to the injected area. Myocardial perfusion, as assessed by SPECT, improved in 
the anterolateral wall. Mechanical data derived from SPECT showed improvements in regional ejection fraction, wall motion, 
and thickening. In addition, during ramp treadmill testing, the \^02max increased from 1 5.8 to 25.2 mL • kg~^ • min~^ , and 

the METs increased from 4.51 to 7.21 at 2 months. At 6-month follow-up testing, the Vo2max reached 31.6 mL • kg"^ • min" 

^and the METs was 9.03. 

From 6 to 1 1 months after the cell injection procedure, the patient's cardiovascular condition remained stable. At 1 1 months, 
however, he had a tonic-clonic seizure at home and was found in cardiopulmonary arrest by family members. 

► Methods 

After signed, informed consent was given by the family, an autopsy was performed, including 
morphological and immunocytochemical analysis of the heart. This report presents the 
anatomicopathologic findings about the infarcted areas of the anterolateral ventricular wall, which were 
the areas that had received bone marrow cell injections. The histological findings from this region were 
compared with findings from within the interventricular septum (which had normal perfusion in the 
central region and no cell therapy) and findings from the previously infarcted inferoposterior ventricular 
wall (which had extensive scarring and no cell therapy). 

Immunocytochemical analysis of paraffm sections was performed with antibodies against factor Vlll-related antigen (A0082, 
Dako), vimentin (M0725, Dako), smooth muscle a-actin (M0851, Dako), and CD34 and Ki-67 (NCL-L-End and NCL- 
Ki67MMl respectively, Novocastra). Antibodies were reacted with Dako's EnVision+ System/HRP, with diaminobenzidine 
as a chromogen. Frozen sections were fixed, permeated with acetone, and incubated with antibodies for troponin T (T6277, 
Sigma), smooth muscle a-actin, sarcomeric actinin (A781 1, Sigma), and desmiu (D1033, Sigma). Antibodies were revealed 
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with anti-mouse or anti-rabbit IgG, F(ab)2 fragment, conjugated to fluorescein isothiocyanate (1814192 and 1238833, 
respectively, Boehringer-Mannheim), and counters tained with a 0.l%(i solution of Evans blue dye (Merck). 

Capillary density was monitored by using computerized image analysis (Image-Pro Plus, MediaCyberaetics) of randomly 
selected fields in sections stained with hematoxylin and reacted with antibody for factor VIIlH^lated antigen (n=108) and 
randomly selected fields in sections reacted with antibodies for smooth muscle cv-actin (n=96). Transverse sections of 
capillaries identified by staining for factor Vm and pericyte-containing capillaries identified by staining for smooth muscle a- 
actin were quantified separately. Results were expressed as the mean number of capillaries per square millimeter in the case of 
factor Vni-stained slides or the number of capillaries containing pericytes in o-smooth-muscle-actin-stained slides. Larger 
vessels identified by a continuous wall of smooth muscle ac tin-positive mural cells were excluded. Differences between the 
anterolateral, septal, and posterior walls were assessed with Kruskal-Wallis ANOVA and the Student-Newman-Keuls method 
for pairwise multiple comparison. Results were considered significant if P was <0.05. 

Evaluation of the capillary density inside the fibrotic areas within the cell-treated anterolateral wall versus the nontreated 
posterior wall was performed in 40 selected fields inside the fibrotic scars, excluding the regions containing cardiomyocytes. 
Microscope fields (at xlOO) of factor Vlll-stained slides were digitized, and the number of transverse sections of capillaries 
per square millimeter of fibrotic zones was assessed. Differences between the treated infarcted zones and the nontreated 
fibrotic wall were assessed by the Mann- Whitney rank-sum test. Results were considered significant if P was <0.05. 

^ Results 

Anatomopathologic Findings 

The heart weighed 765 g. There was severe arteriosclerosis with subocclusive calcified atheromata in all 
coronary arteries, calcification of the pulmonary artery, and moderate atheromatosis of the aorta. The 
heart cavities were dilated, with hypertrophic walls. There was no evidence of any acute injury or of 
lesions that could be related to cell injections. A generalized, homogeneous endocardial opacification, 
affecting all the cardiac internal surfaces, was identified on histological examination as diffuse fibroelastic 
hyperplasia of the endocardium. Minute focal and punctate scars were observed, mainly in the posterior 
and anterolateral walls. 

The apical zone was thiimed and fibrotic. The posterior and apical regions had dense, fibrotic, well-circumscribed scars that 
separated cardiomyocyte bundles. The septal wall exhibited focal scars interspersed with cardiac fibers in the regions adjacent 
to the anterior and posterior ventricular walls, but it was devoid of fibrosis in the central region. 

The anterolateral ventricular wall that received cell injections had elongated, irregular, and parallel reddish areas throughout. 
In the same wall, in adjacent regions that did not receive injections, the density and morphology of the fibrotic scars were 
similar to those of the posterior wall, suggesting that no overt differences were present among the different infarcted areas 
before cell injections. 

Morphometric Analysis 

The capillary density was significantly higher in the areas of the anterolateral ventricular walls that received cell injections 
than in the previously infarcted posterior wall (P<0.0001) (Figure l A). The median capillary density in the anterolateral wall 
was apparently similar to that in the septal wall. However, the broad dispersion of the septal wall data, which may have been 
due to fibrotic areas in regions close or adjacent to the ventricular walls, generated a statistically signilicant difference 
between these 2 groups. 

Figure 1. Number of capillaries per mm^ in anterolateral, posterior, and 
septal walls of studied heart. A, Anti-factor Vlll-associated antigen 
counterstained with hematoxylin. B, Anti-smooth muscle or-actin antigen 
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counterstained with hematoxylin. C, Capillaries reacted with anti-factor 
Vni-associated antigen inside fibrotic areas only in anterolateral and 
posterior walls. (n=108 microscope fields for A; 96 microscope fields for 
B; and 40 microscopic fields for C.) Differences were statistically 
significant among all groups in pairwise comparisons (P<0.05, Newman- 
Keuls method) for A and B. Differences were significantly different 
(PO.05) between anterolateral and posterior walls in Mann-Whitney rank- 
sum test for C. 



The density of capillaries that contained smooth muscle a^actin-positive cells within their walls was also assessed (Figure 
IB). The number of such vessels was higher in the anterolateral wall than in the septal and posterior walls (PO.OOOl). Larger 
vessels identified by a continuous wall of smooth muscle or-actin-positive mural cells were not included in these analyses. 
The capillary density was significantly higher within fibrotic areas of the anterolateral waU than within fibrotic areas of the 
posteriorwall (PO.OOOl) (Figure I CV 

Histological Findings 

The anterolateral wall showed irregular, pale regions of fibrotic tissue intercalated with dark regions of cardiac muscle 
arranged in roughly parallel, interspersed bands, perpendicular to the ventricular wall plane (Fi gure 2 A). No abnormal cell 
organization, growth, or differentiation or signs of previous focal necrosis, inflammatory reactions, or tissue repair were found 
in the region that had received cell injections. Inside the fibrotic tissue, trichrome and picrosirius collagen staining disclosed 
regions with decreased collagen density, in which a rich vascular tree was present. The anterolateral wall also showed larger 
central vessels that ramified into smaUer ones, parallel to the cardiomyocyte bundles ( Tigurc 2 BV In the anterolateral wall, the 
peripheral zone of fibrotic areas merged into the cardiomyocyte layer and lacked well-defined limits, unlike the fibrotic areas 
observed in the posterior wall ( Figure 2 C). No fibrotic tissue was seen in the central area of the septal wall ( Figure 2 D). 




Figure 2. Gomori trichrome stain of anterolateral (A, B), posterior (C), and 
septal (D) walls. Increased vascular tree is present in B. Original magnification is 
X40 in A, B, and D; xlOO in C. 



View larger version (163K): 
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Inflammatoiy cells were rare in the perivascular region: There were occasional isolated small groups of lymphocytes and, 
very rarely, granulocytes. At the interface between fibrotic tissue and cardiomyocyte bundles, 2 gradients merged: the 
decreasing blood vessel diameter and the increasing cardiomyocyte size. Very small cardiomyocytes were seen isolated in die 
fibrotic matrix adjacent to capillaries in the anterolateral wall, together with a progressively increasing number of 
fibroblastoid cells that were isolated or interspersed in small groups among the cardiomyocyte bundles. 

Immunocytochemistry Findings 

Immuuocytochemical labeling of factor VlH-associated antigen identified a thin endothelial layer of blood vessels in the 
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posterior, septal (Figure and anterolateral (Figure 3 B) ventricular walls. In the anterolateral wall, neither factor VTII nor 
CD34 was found in the fibroblastoid cell population inside the fibrotic matrix. In the posterior ventricular wall and septum, 
smooth muscle or-actin was readily identified in blood vessel wall cells. This protein was present both in pericytes and in the 
smooth muscle cells of the thin vessel wall layer (Figure 3 C) in the anterolateral wall. The vascular tree of the anterolateral 
wall showed intense labeling in the blood vessel walls, which had a marked hypertrophy of smooth muscle cells ( Figure 3 D). 
The same staining pattern was present in isolated cells located in the perivascular position and in the adjacent region among 
cardiomyocytes and fibrotic matrix ( Figure 3 EV Vimentin was present in the endothelial layer of the anterolateral wall, in the 
perivascular cells, and in cells adjacent to or in close contact with the cardiomyocytes ( Figure 4 A). These ceils frequently 
formed an extensive network that permeated the fibrotic matrix and the interstitial space among cardiomyocytes (Fi gure 4 B). 




Figure 3. Immunocytochemical identification of factor Vlll-associated antigen 
(A, B) and smooth muscle a-actin (C-E) in blood vessel walls of septal (A) and 
anterolateral (B-E) regions of studied heart, depicting increased vascular density 
(B) and hyperplasia of perivascular and mural cells (C~E). Ki67 reactivity was 
rarely present in perivascular cells of anterolateral wall (F). Original magnification 
X40 in A and B, x400 in C and D, and x 1000 in E and F. 



View larger version (121K): 
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Figure 4. Anterolateral wall that received cell injection therapy. A and B, 
Immunostaining for vimentin depicted positive reaction in vascular wall 
and in fibroblastoid interstitial cells. C and D, Immunostaining for desmin 
showed small groups of intensely reactive cells between blood vessels and 
cardiomyocytes (C) and small cells inside cardiomyocyte bimdles with 
typical striated cytoskeleton (D). E and F, Immunostaining for troponin 
showed positive reaction in all mural cells of medium-sized blood vessel. 
Original magnification is x 1000 in A and F; x400 in B-E. 



View larger version (92K): 
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Desmin was identified in the same cell population. Desmin labeling was less intense in the vascular wall cells and isolated 
perivascular cells and was more intense in the cells adjacent to cardiomyocytes. On sections perpendicular to the main 
cardiomyocyte axis, thin desmin -positive fibrils were observed mainly in the submembrane region; on longitudinal sections, a 
typical transverse banded pattern of desmin was observed (Figure 4C and 4 D). Among cardiomyocytes, some of the small 
cells had strong, peripheral desmin-stained areas ( Figure 4 D). 
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In vascular and perivascular cells in the posterior wall and septum, troponin labeling w^as negative. In the anterolateral wall, 
troponin labeling was negative in capillary walls but was positive in the adjacent pericapillary pericytes and in cells migrating 
into the pericapillary matrix ffigure 4 EV In larger vessels, troponin-positive cells were observed in the outer cell layers and 
adventitia, occasionally forming a continuous troponin-positive cell layer around the vessel ( Figure 4 F). Isolated cells or small 
groups of troponin-positive cells were found in the area between the fibrotic tissue and cardiomyocytes and inside the adjacent 
cardiomyocyte bundles. The intensity of labeling increased in the proximity of cardiomyocytes, where some small 
fibroblastoid cells disclosed a bright cytoplasm homogeneously labeled for troponin (Figure 5 A), Occasionally, such cells had 
an increased volume, with troponin labeling restricted to the periphery; the central area was filled by a troponin -negative 
cytoskeleton similar to the desmin-stained areas in small cardiomyocytes. In mature cardiomyocytes, troponin-specific 
antibody labeled the peripheral filamentous and sarcomeric cytoskeleton. 




Figure 5. Anterolateral wall that received cell injection therapy. A, 
Immunostaining for troponin depicted small cardiomyocyte -like cells with 
intense reaction in peripheral cell area. B-F, Immunostaining for 
sarcomeric actinin depicted reactivity in mural cells of blood vessel (B-E) 
and isolated cells among cardiomyocytes with actinin organization similar 
to that of sarcomeres (E, F). Original magnification is x400 in A and F; 
xlOOOinB-E. 



View larger version (76K): 
Fin this window ! 
[in a new window] 



Labeling of sarcomeric actinin was similar to that of troponin. However, both pericapillary pericytes and mural blood vessel 
cells in the anterolateral region were negative for sarcomeric actinin in blood vessels that were deeply embedded in the 
fibrotic scar matrix and that remained distant from cardiomyocyte bundles. The same cells located in vessels adjacent to or 
embedded between the cardiomyocyte bundles were positive for sarcomeric actinin, as were the isolated cells or small groups 
of fibroblastoid cells ( Figures 5 B and 5C). Some of these cells had increased in size and, in their central region, disclosed 
sarcomeric actinia that was already organized in the typical banded pattern of sarcomeres ( Figures 5D and 5 E). In this central 
region, isolated cells barely larger than pericytes could be observed; only a few sarcomeres were present, suggesting that those 
isolated cells had acquired some cardiomyocyte characteristics (Fi gure 5 F). 

The Ki67 antibody, which identifies cells actively engaged in replication, reacted only rarely with endothehal cells in the 
posterior wall. In the anterolateral region, the Ki67 antibody also reacted with pericapillary pericytes and with isolated 
fibroblastoid cells in the surrounding fibrotic matrix ( Figure 3 F). The overall cell reactivity with Ki67 antibody was relatively 
low- 



DiscussioD 



Accumulating evidence from both experimental animal studies-— and human trials^^ indicates that 
ABMM cell therapy improves myocardial perfusion in patients with ischemic heart disease. At the same 
time, clinical stem ceU therapy research is focusing more on safety than on efficacy. The present report 
describes the postmortem study of one patient who underwent transendocardial injection of ABMM cells. 
Accordingly, the major findings m this report pertain to the procedure's safety: No abnormal or 
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disorganized tissue growth, no abnormal vascular growth, and no enhanced inflammatory reactions were 
observed. In addition, some intriguing histological and immunohistochemical findings were documented: 
(1) There was a higher capLUaiy density in the cell-treated area than in nontreated areas of the heart. (2) A 
proliferation of smooth muscle a-actin-positive pericytes and mural cells was noted. (3) The aforementioned cells expressed 
specific cardiomyocyte proteins. 



In the postnatal period, new blood vessels form through either vasculogenesis or angiogenesis, in which proliferation of 
endothelial cells is followed by remodeling of the extracellular matrix and proliferation of blood wall cells. ^^"^^ Endothelial 
cells can result from bone marrow-derived progenitors (postnatal vasculogenesis) or fi^m the migration and proliferation of 
endothelial cells from existing vessels (angiogenesis),!^ Mural cells such as pericytes and smooth muscle cells can be derived 
from bone marrow mesenchymal cells (stroma), myofibroblasts, and/or fibroblasts.^^ In the neoangiogenic process, pericytes 
are derived either from cells of adjacent tissues (mobilized by growth factors produced by endothelial cells) or from 
proliferation of adventitial and pericapillaiy pericytes and their distal gliding on the abluminal side of the growing blood 
vessel's basement membranes.i^ The alternative origination of pericytes from mesenchymal stem cells has been proposed and 
preliminarily confirmed in experimental models.i^ Pericytes may be essential to achieve a physiological angiogenic process 
with resultant durable blood vessels. In the present case, when compared with the noninjected regions, the cell-injected wall 
had marked hyperplasia of pericytes and mural cells. The observed hypertrophic pericytes displayed 2 characteristics: First, 
although still located in the vascular wall, they expressed specific myocardial proteins and second, they were found in 
locations that suggested detachment, having migrated into the adjacent tissue and reached proximal cardiomyocytes that were 
either isolated or in small cell clumps. Closer to cardiomyocytes, the expression of myocardial proteins was enhanced, 
yielding brighter immunostaining throughout the whole cytoplasm. The significance of these findings remains to be 
established. However, within the posterior wall, none of the findings was seen, and small blood vessels could only rarely be 
found- 



Notwithstanding the aforedescribed data, the present report has limitations that severely restrict our ability to make 
conclusions about the role of ABMM cells in myocardial regeneration. The findings could have occurred by chance. It is 
impossible to exclude the influence of a natural recovery process as the cause for die difference in vascular density between 
cell-treated and nontreated ar^jas. Comparisons of capillary density among different sections of wall were based on specimens 
from a single patient. Moreover, this is an isolated, uncontrolled case involving late events after injection of unlabeled cells; it 
precluded the use of any imaging technique that could have helped to colocalize and identify the presence of stem cell direct 
descendants within the vessel wall or myocardium. Therefore, the significant difference in vascular density between cell- 
treated and nontreated areas cannot be extrapolated to a larger population of similar patients. However, the increased vascular 
density within the cell-injected anterolateral wall accompanied that wall's improvement in perfusion as assessed by SPECT, 
whereas all other walls remained unchanged. 



^ Conclusion 

At 1 1 -month follow-up evaluation, stem cell therapy was not associated with any adverse histological 
fmdings. Morphological and immunohistochemical analysis of die area that underwent ABMM cell 
implantation suggested that that area had more capillaries than nontreated areas and that ABMM cell 
therapy was associated with hyperplasia of pericytes, mural cells, and adventitia. Some of these cells had 
acquired cytoskeletal elements and contractile proteins (desmin, troponin, and sarcomeric actinin). 
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Phenotype and Functional Characterization of 3x10*^ Cells Injected via a Transendocardial Route* 



Phenotype, % in ABMM cell fraction 




CD34+ 


3.2 


CD45L0 CD34'^HLA-DR- 


0.2 


T cells (CD4"^ 


29.3 


T cells (CD8"^ 


24.4 


B cells (€019"^ 


8.7 


NK ceUs (CD56"^ 


0.7 


Monocytes (CD 14^) 


13.7 


Functional assay, cell No./lO^ ABMM cells 




CFU-GM 


802 


CFU-F 


1 


NK indicates natural killer; CFU-F, colony-fonning-unit fibroblasts; and CFU-GM, colony -forming-unit 
granulocyte/macrophages . 

♦After mononuclear fraction purification, cell viability was 98.1%. 
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Figure 1. Number of capillaries per mm-^ in anterolateral, posterior, and septal walls of studied heart. A, Anti-factor VIII- 
associated antigen counterstained with hematoxylin. B, Anti-smooth muscle <v-actin antigen counterstained with hematoxylin 
C, Capillaries reacted with anti-factor Vlll-associated antigen inside fibrotic areas only in anterolateral and posterior walls. 
(n= 108 microscope fields for A; 96 microscope fields for B; and 40 microscopic fields for C.) Differences were statistically 
significant among all groups in pairwise comparisons (P<0.05, Newman-Keuls method) for A and B. Differences were 
significantly different (P<0.05) between anterolateral and posterior walls in Mann-Whitney rank-sum test for C. 
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Figure 2. Gomori trichrome stain of anterolateral (A, B), posterior (C), and septal (D) walls. Increased vascular tree is present 
in B. Original magnification is X40 in A, B, and D; XlOO in C. 
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Figure 3. Immunocytochemical identification of factor Vlll-associated antigen (A, B) and smooth muscle a-actin (C-E) in 
blood vessel walls of septal (A) and anterolateral (B-E) regions of studied heart, depicting increased vascular density (B) and 
hyperplasia of perivascular and mural cells (C-E). Ki67 reactivity was rarely present in perivascular cells of anterolateral wall 
(F). Original magnification x40 in A and B, x400 in C and D, and x 1000 in E and F. 
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Figure 4. Anterolateral wall that received cell injection therapy. A and B, Immunostaining for vimentin depicted positive 
reaction in vascular wall and in fibroblastoid interstitial cells. C and D, Immunostaining for desmin showed small groups of 
intensely reactive cells between blood vessels and cardiomyocytes (C) and small cells inside cardiomyocyte bundles with 
typical striated cytoskeleton (D). E and F, Immunostaining for troponin showed positive reaction in all mural cells of 
medium-sized blood vessel. Original magnification is xlOOO in A and F; x400 in B-E. 
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Evidence boosts stem cells* promise 

With patient's own cells, heart vessels and tissue show mending 

By TODD ACKERMAN 
Copyright 2005 Houston Chronicle 

Local scientists are reporting new evidence of the effectiveness of treating congestive heart failure with a 
patient's own stem cells. RESOURCES 

In a postmortem examination of a trial participant who died of an unrelated condition 1 1 months after 
receiving the therapy, the researchers found stem cells injected directly into the heart not only improved 
blood flow and blood-vessel formation but even grew new tissue. 

"This is the first time weVe achieved clear documentation of these efTects in a human heart*" said Dr, 
James Willerson, medical director of the Texas Heart Institute at St. Luke's Episcopal Hospital, which is 
leading the research. "We*re trying to stay cautious, but this is veiy excitmg." 

Previously, imaging procedures had provided evidence of the therapy's effectiveness in patients. Such 
evidence, however, is not considered as definitive as evidence from the actual organ. 

The therapy, unthinkable less than a decade ago, is particularly hailed in some circles because adult stem 
cells don't pose the ethical concerns embryonic stem cells do. Embryonic stem cells, considered more 
versatile, require the destruction of the embryo. 

A paper describing the Texas Heart Institute researchers* fmdings with the deceased patient will be 
published in the July 26 edition of Circulation, the American Heart Association's journal. It was made 
available on the journal's Web site this week. 

The patient, a 55-year-old Brazilian man who'd previously had two heart attacks, was part of a clinical 
trial begun four years ago on people with end-stage heart failure. That trial, a collaboration between 
researchers at the Texas Heart Institute and Pro-Cardiaco Hospital in Rio de Janeiro, showed improved 
heart function in all patients who received the injection of stem cells taken from their bone marrow. 

Human trials ongoing 

The results led the Food and E>rug Administration last year to approve the first human trial in the United 
States, currently ongoing at the heart institute. There are no results from the trial yet, but Willerson said ii 
is going well. 

The postmortem exam found the Brazilian's heart showed an increase in blood vessels in the area injected with stem cells as well as 
the presence of substances that indicate cellular regeneration. The man died of a stroke caused by a neurological problem. 

The treatment involves using a special catheter threaded through the groin. Doctors use an irmovative mapping technology to identify 
areas in the heart that have sustained mechanical and electrical damage, then inject millions of stem cells directly into the left ventricle 



HELPING TO FIX A 
DAMAGED HEART 

How the cells are Injected : 

• Extraction: Surgeons 
insert a needle Into the 
patient's hip bone to extract 
50 cubic centimeters of 
bone- marrow cells. 

• Process: The cells are 
processed in the laboratory 
for about three hours to cull 
stem cells. 

• Catheterization: The 

stem cells are immediately 
taken to a catheterization 
lab where the same patient 
is ready for surgery. 

• Hap: With a special 
catheter, surgeons 
electrically map the heart to 
identify damaged areas. 

• Injection: After selecting 
15 areas, they Inject 2 
million cells into surrounding 
healthy tissue. 

• Recovery: Patients leave 
the hospital the next day. 
Improvement in health may 
begin within six weeks. 



The Heart Institute's 
ongoing study is now open 
to patients with severe heart 
failure from outside 
Houston. To be considered, 
patients should call 832- 
355-6555, or e-mail their 
information to 
stemcell@heart.thi.tmc.edu 
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along the periphery of the damaged area. 

The ongoing study at the heart institute was at one time limited to patients in the greater Houston area but is now open to other 
patients with severe heart failure. In aU, 30 patients will participate — 20 receiving the treatment and 10 acting as a control group 
Those who don't receive the treatment will have the option to do so after six months of evaluation. 

Three more trials are planned. One wiU be in Spain; one wiU be a coUaboration between the heart institute and an unnamed institution 
m the southeastern United States; and one, at the heart institute, wUl enroU patients with coronary heart disease but not heart failure 
who are waiting for transplants. 

Looking toward future 

Though the therapy is still in the early stages of research, Willerson said if the results continue to be positive, the team could ask the 
FDA for treatment approval in as little as three years. He said follow-up trials still need to determine the best patients, stem-cell types 
and ways to deliver the therapy. 

Coronary heart disease — insufficient blood flow to the heart — affects more than 12 million Americans and is the nation's leading 
cause of death. Stem-cell therapy, if successful, could offer hope for patients in the end stages of the disease as well as those who 
undergo angioplasty and bypass surgery for cases that cant be treated with medicine. 

"It's pretty amazing," Willerson, president-elect of the heart institute and president of the University of Texas Health Science Center at 
Houston, said of the recently unsuspected therapeutic ability of adult stem cells. "Five years ago, if Fd asked cell biologists about 
treating patients with heart failure with adult stem cells, I think I'd be in an insane asylum." 

toddMckennan&.chnm.com 
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